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An a n a l y t i c a l  and experimental program was conducted t o  inves t iga te  techniques 
and develop technology f o r  improving the  lean combustion l i m i t s  of premixing, pre- 
vaporizing combustors appl icable  t o  gas tu rb ine  engine main burners. I n  t h e  analyt i -  
c a l  conceptual design study, th ree  concepts f o r  improving lean s t a b i l i t y  l i m i t s  w e r e  
se lec ted  f o r  experimental evaluation among twelve approaches considered, Concepts 
were se lec ted  on the  b a s i s  of t h e  p o t e n t i a l  f o r  improving s t a b i l i t y  l i m i t s  and achie- 
ving emission goals, t h e  technological  r i s k s  associa ted  with development of p r a c t i c a l  
burners employing the  concepts, and the  pena l t i e s  t o  a i r l i n e  d i r e c t  operat ing cos t s  
r e s u l t i n g  from decreased combustor performance, increased engine cos t ,  increased 
maintenance cost  and increased engine weight associa ted  with implementation of t h e  
concepts. Tes ts  of flameholders embodying the  se lec ted  concepts w e r e  conducted i n  an 
axi-symmetric flametube t e s t  r i g  having a nominal diameter of 10,2 cm a t  a pressure 
of 10 atm and a t  a range of entrance temperatures simulat ing condit ions t o  be  encoun- 
t e red  during s t ra tospher ic  cruise.  A t o t a l  of s ix teen  test configurat ions were ex- 
amiaed i n  which lean blowout l i m i t s ,  po l lu tan t  emission c h a r a c t e r i s t i c s ,  and combustor 
performance w e r e  documented. 
The use of hot  gas p i l o t s ,  catalyzed flameholder elements, and heat  r e c i r c u l a t i o n  
t o  augment lean s t a b i l i t y  l i m i t s  was considered i n  t h e  conceptual design study. On 
the  b a s i s  of t h e  r e s u l t s  of the study, t h r e e  c lasses  of augmented flameholders w e r e  
designed and t e s ted ,  The f i r s t  c l a s s  involved t h e  use of c a v i t i e s  o r  recesses  located  
i n  t h e  downstream face  of a perfora ted  p l a t e  flameholder--these configurat ions a r e  
re fe r red  t o  a s  Sel f -p i lo t ing Recessed Perforated P la tes .  The second c l a s s  involved 
t h e  use of tube bundles wherein t h e  inner  diameter of t h e  tubes and/or t h e  rea r face  
of the  tube a r ray  was t r e a t e d  with a platinum/rhodium ca ta lys t .  These configurat ions 
were re fe r red  t o  a s  Catalyzed Tube Flameholders. The t h i r d  c l a s s  of flameholders in- 
volved t h e  d i r e c t  i n j e c t i o n  of gaseous o r  l i q u i d  f u e l  i n t o  the  r e c i r c u l a t i o n  regions 
formed behind V-gutter o r  perfora ted  p l a t e  flameholders. This c l a s s  of flameholders 
is  re fe r red  t o  as P i lo ted  Flameholders. The primary goal  of t h e  program w a s  t o  achieve 
s t a b l e  operat ion of t h e  combustors at  equivalence r a t i o s  a s  low a s  0.25. It was de- 
s i r e d  t h a t  t h e  NOx emission index be less than 1.0 g/kg a t  t h e  design conditions 
(To = 600 K p  (I = Os6). It w a s  a l s o  des i red  t h a t  the  combustor operate e f f i c i e n t l y  
over a range of entrance temperatures from 600 t o  800 K, a range of equivalence r a t i o s  
from 0.3 t o  0.6, and t h a t  t h e  maximum emission of n i t r i c  oxides be less than t h a t  cor- 
responding t o  an emission index of 3.0 g/kg, 
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The most promising configurat ion i d e n t i f i e d  i n  t h i s  program involved t h e  injec-  
t i o n  of p i l o t  f u e l  i n t o  t h e  base o r  r e c i r c u l a t i o n  region of a bluff-body flameholder. 
It was determined t h a t  with a p i l o t  f u e l  flow equal t o  5 percent of t h e  t o t a l  f u e l  
flow a t  t h e  design conditions, combustor blowout d id  not  occur a s  f u e l  flow was de- 
creased t o  l e v e l s  corresponding t o  an o v e r a l l  equivalence r a t i o  of 0.25. For t h i s  
configuration, t h e  NOx emission index a t  the  design point  was less than hal f  of t h e  
design goal  and, a t  off-design conditions, t h e  maximum NOx emission index goal was 
exceeded only f o r  t h e  To = 800 K, $ = 0.6 case. A t  t h e  lower entrance temperature 
conditions t e s t e d  (To = 700 and 600 K), t h e  measured combustion e f f i c i e n c i e s  w e r e  
unacceptably low and f u r t h e r  e f f o r t  is required t o  obta in  t h e  des i red  performance. 
No s u b s t a n t i a l  improvement i n  blowout limits was achieved f o r  t h e  se l f -p i lo t ing  re-. 
cessed perforated p l a t e  configurat ions o r  t h e  catalyzed tube c o n f i ~ u r a t i o n s ,  
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